Papaya is a popular fruit and is grown commercially in many subtropical and tropical countries. Papayas are generally grown from seeds; therefore the offsprings are not true-to-type and could come in three sexes, female, male, and hermaphrodite. Clonal propagation is required to obtain to grow trueto-type hermaphrodite papayas. In this research, we developed an in vitro protocol for shoot multiplication from lateral shoots from in vitro germinated papaya seedlings. The in vitro propagated plant materials could potentially be used as a source of papaya micro-cuttings, or as scion for papaya grafting. The experiment was set up as a factorial experiment with NAA at 0, 0.1 and 0.5 mg.L -1 , and BAP at 0, 0.1, 0.5, and 1.0 mg.L -1 in a completely randomized block design. BAP interacted with NAA in affecting the shoot production per explant. The optimum BAP and NAA concentration to produce lateral shoots was 0.54 mg. L -1 and 0.1 mg.L -1 , respectively. Media without NAA reduced the number of lateral shoots and number of leaf per explant at any BAP concentration.
Introduction
Papaya (Carica papaya L.) is a fruit commonly eaten fresh; immature papayas can also be consumed as vegetables. Papayas are commercially grown in many subtropical and tropical countries, including Indonesia. Papaya production in Indonesia has increased from 695,214 ton in 2010 to 899,358 ton on 2012 and 830,491 in 2014 (BPS 2014 . Raw papaya pulp contains 88% water, 11% carbohydrates, have low calories and rich in vitamin A and C. The carotenoid content of papaya was 175 μg per 100 g edible portion (Ncube et al., 2007) .
Papaya is a polygamous species grow in three sexes: male, female, hermaphrodite. The male produces only pollen and never set fruit. The female trees produce small, inedible fruits unless pollinated. The hermaphrodite can self-pollinate since its flowers contain both male stamens and female ovaries. Almost all commercial papaya orchards contain only hermaphrodite trees as their fruit quality is superior to fruits from female trees.
Sexual propagation is the preferred method for commercial papaya propagation because papaya is a cross-pollinated crop, and sexual propagation can result in high degree of variation among populations in terms of yield, fruit size, fruit shape, and taste (Keng and Teo, 1994) . Vegetative propagation can be used to overcome the problems of sexual propagation of papaya and produce genetic uniformity or true to type progeny. Vegetative propagation can preserve the identity of an elite clone or cultivar. Therefore an efficient vegetative propagation method is required develop true-to-type progenies. Development of an efficient in vitro protocol for regeneration system would be very useful for mass propagation of clonal papaya. Propagation by tissue culture has benefits over conventional propagation methods including can produce many propagules in a relatively short time and can improve plant quality (Tahardi et al., 2000) .
Research on in vitro papaya micropropagation have been reported including Drew (1988 Drew ( , 1992 , Drew et al. (1991 Drew et al. ( , 1993 , Lai et al. (1998 ), Yu et al. (2000 , Fitch et al. (2003) , Dhekney (2004) , and Saksena and Sharma (2014) . Saksena and Sharma (2014) reported a standard protocol for the commercial micropropagation of four papaya varieties, CO 2 , Madhu, Honey Dew and Taiwan, and reported that 0.1 mg.L -1 NAA and 0.5 mg.L -1 BAP in a liquid media could be used for in vitro propagation of papaya. Mumo et al. (2013) reported an optimum IBA concentration for root induction of 2.5 mg.L -1 . NAA is a synthetic auxin and has been reported to be more effective than Journal of Tropical Crop Science Vol. 4 No. 3, October 2017 www.j-tropical-crops.com natural auxin indole-3-acetic acid (IAA) in inducing cotton cell elongation in vitro (Singh, et al., 2009 ).
One of the leading papaya cultivars in the Indonesian market is "Callina" (IPB9). Papaya "Callina" has small fruits of about 23 cm length and 9.5 cm in diameter, has orange pulp with sugar content of 10.1-11.2°brix (Sujiprihati et al., 2010) . Papaya "Callina" has been propagated mainly by seed and can be harvested at eight to nine month after planting (Sujiprihati et al., 2010) . A clonal propagation method is being developed to produce true-to-type "Callina". The objective of this study was to examine the effect of NAA and BAP on in vitro lateral shoots multiplication of papaya "Callina" to develop an efficient in vitro regeneration system.
Materials and Methods
The research was conducted at the Tissue Culture laboratory of the Center for Tropical Horticulture Studies, Bogor Agricultural University from December 2015 to June 2016. Seeds of papaya "Callina" (IPB 9) were grown on MS media supplemented with Naphthalene Acetic Acid (NAA), 6-Benzyl Amino Purine (BAP), sugar, and agar. The culture vessels were put under a 16h photoperiod with 1000 ± 100 lux of cool white fluorescent light, and temperature of 22 ± 2°C.
The experiment was set up in a completely randomized block design with two factors, BAP at 0, 0.1, 0.5, and 1.0 mg.L -1 , and NAA at 0, 0.1, and 0.5 mg.L -1 , totalling12 treatments. Each treatment was repeated ten times to give a total of 120 experimental units. Each experimental unit consists of four explants in one bottle, so there are a total 480 explants in 120 culture bottles.
Scoring was conducted weekly on the number of shoots, number of leaves and shoot height produced per explant for eight weeks. Collected data were subjected to analysis of variance (ANOVA) and correlation test using the General Linear Model procedure. Means were separated using the DMRT at 5% level of significance in SAS version 9.
Results and Discussion

Recapitulation of F-test
NAA and BAP interaction had significant effects on the number of shoots starting the first week after culture, and very significant effects from week two to week six (Table 2) . These results are consistent with Weaver's report (1972) that application of NAA and BAP was effective and could increase in vitro multiplication. Silva et al. (2007) reported that lateral shoots would make good explants for further shoot Note: **= very significant at α 1%; *= significant at α 5 %; ns= non-significant according to DMRT.
Journal of Tropical Crop Science Vol. 4 No. 3, October 2017 www.j-tropical-crops.com multiplication. Saksena et al. (2014) and Mumo et al. (2013) also demonstrated that application of NAA and BAP could induce lateral shoot multiplication of papaya. NAA and BAP interaction significantly increased the height of plantlet at week one, two, four and six after treatment. The development of the in vitro papaya explants from germinated seeds to fiveweek-old plantlet can be seen on Figure 3 .
Number of Shoots per Explant
Explants grown on media containing 0.1 mg.L -1 NAA and 0.5 mg.L -1 BAP produced seven shoots at two weeks after treatment (WAT), and the shoot number increased to 10.6 at six WAT. The control explants only produced 1.5 shoots at two WAT and 1.9 shoots at six WAT ( Table 2 ). The increased number of shoots with NAA 0.1 mg.L -1 and BAP 0.5 mg.L -1 was consistent with the report by Saksena and Sharma (2014) and Mumo (2013) . Mumo (2013) further stated that increasing BAP concentration to 2 mg.L -1 and NAA to 1 mg.L -1 or higher reduced the number of shoots per explant (Mumo, 2013) . BAP were also reported as an effective cytokinin to increase proliferation and shoot growth of other tropical fruits pineapple (Ananas comosus L.) (Al-Saif et al., 2011) , and banana (Paulos et al., 2013) . 
Number of Leaves per Explant
Media with 0.1 mg.L -1 NAA and 0.5 mg.L -1 BAP resulted in the highest number of leaves per explant (Figure 1 ) which was six-fold of the control (Table 1) , possibly due to NAA and BAP at these concentrations were optimum for multiplication, Therefore addition of 0.1 mg.L -1 NAA and 0.5 mg.L -1 BAP can be used for further in vitro lateral shoot multiplication. Application of NAA and BAP will possibly improve sub-optimal levels of endogenous auxin and cytokinin to reach a more optimal balance for multiplication, as reported by Minocha (1987) . Vol. 4 No. 3, October 2017 www.j-tropical-crops.com This study has provided an advancement for propagation of papaya "Calina". The results of this study could be used as a basic protocol for further development of papaya multiplication in vitro.
Conclusion
NAA interacted with BAP to affect the number of shoots produced and the number of leaves of in vitro multiplication of "Callina" (IPB 9) papaya. The optimum BAP concentration to efficiently produce the highest multiplication rate was 0.53 to 0.54 mg.L -1 and NAA 0.1 mg.L -1 which resulted in 10.6 shoots and 43.5 leaves after eight weeks of culture.
